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A B S T R A C T
Reports on the presence and toxicity of Pb2+ in various chemical industrial effluents energized researchers to in-
vestigate several feasible, efficient, precise, and sensitive techniques for determining and removing Pb2+ from
aqueous systems. The current work proposes the adsorption of Pb2+ onto the stem of parthenium as a continua-
tion of a series of investigations. In order to find the ideal circumstances for the most effective removal of lead,
optimization of Pb2+ sorption potential-affecting factors, such as pH, contact duration, temperature, adsorbent
dosage, and concentration of Pb2+ as sorbate, were investigated. The response surface approach was used to as-
sess experiments that were carried out using a rotatable Box-Behnken design (BBD) (RSM). The influence of three
independent variables—the pH of the precursor solution (4–5), the initial lead content (15–25 mg/l), and the
dose of biomass (20–40 g/l)—were assessed in response to the biosorption process. The optimum pH, lead ion
concentration, and biomass dosage for lead biosorption were ascertained to be 5 pH, 20 mg/L, and 30 g/L, re-
spectively. The Parthenium stem powder can reduce the concentration of lead in an aqueous solution by up to
72.74% for 20 mg/l at pH=5 and 260 °C. It has been shown that 1.5 g/100 ml of parthenium stem powder and a
50-minute equilibrium duration are the most effective parameters. The amount of lead absorbed from the aque-
ous solution increases with an increase in the adsorbent's dosage. Freundlich and Langmuir models in both linear
and nonlinear variants were used to comprehend the nature of the adsorption process. By analysing the kinetics
and thermodynamics of the process, the feasibility and viability of the sorption process were assessed. The ad-
sorption process was quite rapid, according to the kinetic analyses, and equilibrium was attained after 50 min of
contact time. The spontaneous nature of the adsorption process was revealed by the negative values of free en-
ergy change. Studies on thermodynamics showed that reactions were exothermic, although research on kinetics
revealed that reactions is indeed pseudo-second order.
1. Introduction
The heavy metal Pb is found in relatively high concentrations in in-
dustrial effluents, which contaminates groundwater and harms aquatic
life. Metals thwart the process of biodegradability and stay in the envi-
ronment, posing a threat to the food chain and public health. In terms
of efficiency and ease of design, biological materials are thought to be
superior to conventional approaches for removing contaminants from
aqueous systems. Materials that are inexpensive and easily accessible
are selected for the task. Heavy metals are dispersed in the aqueous ef-
fluents produced by several industries. These discharges might have a
negative influence on the environment if they are released without be-
ing purified (WANG et al., 2003). The main contributors to the enrich-
ment of the water reservoirs with heavy metals are human activities in-
cluding rock weathering and volcanic activity (ZHANG and BANKS,
February 2006; ZULKALI et al., 2006; SENTHILKUMAR et al., 2007;
AMARASINGHE and WILLIAMS, January 2007; BABARINDE et al.,
2006). Due to their non-biodegradability and toxicity, several metals,
including manganese (Mn), mercury (Hg), lead (Pb), cadmium (Cd), ar-
senic (As), and copper (Cu), are known to be extremely poisonous
(BEKTAS et al., 2004; CHEN et al., 2007). Lead is regarded as being
amongst the most dangerous of these heavy metals. The mining, smelt-
ing, and refining of lead and other metals that have in the past pro-
duced significant emissions are some possible sources of lead in indus-
⁎ Corresponding author.
⁎⁎ Corresponding author.
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Table 1
Adsorption studies investigate using different parameters.
Parameter Values Investigated
Agitation time, t, min 1, 3, 5, 10, 15, 20, 25, 30, 40, 50, 60, 90, 120,
150 and 180
Bio sorbent size, dp, µm 50µm
adsorbent dosage, w, g/L 5, 10, 15, 20, 25, 30, 40, 50 and 60
Initial Lead concentration, C0,
ppm
20, 40, 60, 80 and 100
pH of aqueous solution 2, 3, 4, 5, 6, 7, 8 and 9
Temperature, K 283, 293, 303, 313 and 323
Table 2
Freundlich and Langmiur at 26 °C.
S.No. Log Ce Log qe Ce Ce/qe
1 0.7262 0.1666 5.324 3.6276
2 1.0579 0.4559 11.428 3.9997
3 1.4567 0.7107 28.626 5.5720
4 1.6832 0.8560 48.216 6.7172
5 1.8464 0.9532 70.212 7.8197
Table 3
Levels of different process variables in coded and un-coded form for%
biosorption of lead using Parthenium stem Powder.
Variable Name Ranges and levels
-1 0 +1
X1 pH of aqueous solution 4 5 6
X2 Initial concentration, C0, mg/L 15 20 25
X3 Bio sorbent dosage. W, g/L 20 30 40
trial effluents. Lead poisoning may result in Plumbosis, learning diffi-
culties that reduce intelligence (IQ), attention deficit disorder, behav-
ioural problems, nervous system damage, speech, and language impair-
ment, reduced muscle growth, decreased bone growth, and kidney
damage. The World Health Organization (WHO) has recommended that
1.5 mg/l of Pb (II) be the upper permissible level for drinking water
(CONRAD and HANSEN, January 2007; GUPTA et al., 1998; GUPTA
and ALI, March 2004; KAPOOR et al., 1999; KRATOCHVIL and
VOLESKY, July 1998). As a result, prior to being supplied to homes,
drinkable water must undergo some sort of treatment. Lead removal
from industrial effluent may be accomplished using a number of tech-
niques. These include electrochemical precipitation (QAISER et al.,
2009), solvent extraction (SAEED et al., 2005), membrane separation
(An Overview of Adsorption, 2017), evaporation (Abollino et al.,
2003), and foam separation (Abou-El-Sherbini and Hassanien, 2010).
They also include reduction followed by chemical precipitation
(NADEEM et al., 2006), ion exchange (OZER, March 2007), reduction
(QAISER et al., 2007), and electrochemical precipitation (QAISER et al.,
2009). The typical chromium removal methods previously mentioned
are either expensive or inefficient at low concentrations (Afkhami et al.,
2008). In recent years, the utilisation of easily accessible biomass that
can remove heavy metals has become the focus of biosorption research
(Ageena, 2010). In this procedure, biological components are used to
create complexes with metal ions utilising their ligands or functional
groups. It is possible to achieve drinking water quality using this tech-
nique as a low-cost method of industrial wastewater purification. Nu-
merous studies have been conducted on bio-adsorbent substances that
are effective in removing heavy metals from aqueous fluids (Ahn et al.,
2009; Al-Degs et al., 2006; Amuda et al., 2007; Aydın et al., 2008;
Baccar et al., 2009). The binding of metals by biomass is known as
biosorption, and these substances are referred to as biosorbents. The re-
sponse surface methodology (RSM) is a combination of statistical and
mathematical approaches for examining the impact of several indepen-
dent factors on the response (Barakat, 2011; Bhattacharyya and Gupta,
2006; Bosco et al., 2005; Caliskan et al., 2011). RSM has a crucial role
to play in the planning and development of processes as well as the en-
hancement of current designs. The experimental technique that under-
lies this methodology, which illustrates the total impacts of the parame-
ters on the process and includes interacting effects amongst the vari-
ables, makes it more practical than the methodologies previously stated
(Chen et al., 2015; Chen et al., 2003; Christidis et al., 1997; Chunfeng et
al., 2009; Chutia et al., 2009). RSM has recently been used to optimise
and assess the interacting impacts of separate components in a variety
of chemical and biological processes. Pinus sylvestris removal of nickel
(Ni (II)) was optimised using response surface approach (Debnath and
Ghosh, 2009). The ideal pH, biomass content, and initial Ni ion concen-
tration were discovered to be 6.17, 18.8 g/l, and 11.18 mg/l, respec-
tively (Demiral and Güngör, 2016). Recently, the increasing number of
emerging contaminants of high concern resulting from industrial and
human-made activities present problems to the environment (Bilal et
al., 2019; Rasheed et al., 2019; Bilal et al., 2018). Several treatment
methods have been proposed for the removal of dyes from contami-
nated waters which include photodecomposition, electrolysis, adsorp-
tion, oxidation, biodegradation and coagulation- –flocculation (Ahmadi
et al., 2019). The effectiveness of Ni ion elimination under these cir-
cumstances was 99.91%. Using biomass from A. niger, researchers have
examined the effects of starting lead concentration, pH, and biomass
concentration on lead biosorption (Demirbas et al., 2009). RSM under
DESIGN EXPERT software was used to identify the ideal conditions for
the removal of Pb (II). The primary goal of this research was to deter-
mine the Parthenium stem powder's biosorption properties for the elim-
ination of lead ions in an aqueous solution. Parthenium stem powder
was used in the experiment as an efficient and affordable material to re-
move lead from an aqueous solution (Fu and Wang, 2011; Guo et al.,
2008; Gupta et al., 2011; Hua et al., 2012).
2. Materials and methods
2.1. Chemicals
All of the chemicals, reagents, such as Lead Nitrate Pb (NO3)2 and
nitric acid (HNO3), and solvents utilised in this work were analytical
reagent quality and were acquired from Merck (Germany) or Sigma-
Aldrich (Germany). Stock solutions were prepared by successively di-
luting standard solutions with double-distilled water.
2.2. Preparation of stock solution
In order to prepare 1000 mL of a 1000 ppm lead stock solution,
1598 mg of lead nitrate Pb(NO3)2 will indeed be dissolved in 1000 mL
of distilled water in a 1000 mL beaker. It will be necessary to dissolve
1598 mg of lead nitrate Pb(NO3)2 in 1000 mL of distilled water in a
1000 mL beaker in order to make 1000 mL of a 1000 ppm lead stock so-
lution. After that, the stock solution was diluted to produce a series of
Pb (II) test solutions with concentrations ranging from 20 to 100 mg/L.
The initial pH was established using a pH metre and 0.1 N HNO3.
2.3. Preparation of the adsorbent
The stem of the Parthenium plant was gathered from several areas
of Chennai, Tamil Nadu, based on a review of the literature and the
availability of locally produced agrowaste materials. The sample was
adequately cleaned with deionized water after collection to get rid of
surface contaminants like dust. The sorbent was first dried at ambient
temperature in an open container, and then it was completely dried (re-
moving all moisture contents) in an electric oven (Model: LEB-1–20) for
24 h at 105 °C. The dry sorbent was pulverised, and the proper particle
size was separated by sieves before being kept for further analysis. Ma-
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Table 4
Results from BBD for Lead biosorption by Parthenium Stem Powder.
Run No. X1, W X2, Co X3, pH % biosorption of Lead
Experimental Predicted
1 -1.000 -1.000 0.000 80.08 80.0180
2 1.000 -1.000 0.000 81.18 81.1880
3 -1.000 1.000 0.000 78.39 78.4960
4 1.000 1.000 0.000 79.72 79.6660
5 -1.000 0.000 -1.000 76.19 76.2160
6 1.000 0.000 -1.000 77.38 77.3860
7 -1.000 0.000 1.000 76.02 75.9480
8 1.000 0.000 1.000 77.08 77.1180
9 0.000 -1.000 -1.000 80.59 80.6000
10 0.000 1.000 -1.000 79.12 79.0770
11 0.000 -1.000 1.000 80.29 80.3320
12 0.000 1.000 1.000 78.82 78.8100
13 0.000 0.000 0.000 85.44 86.4400
14 0.000 0.000 0.000 85.44 86.4400
15 0.000 0.000 0.000 85.44 86.4400
Table 5
ANOVA of Lead biosorption for entire quadratic model.
Source of variation SS df Mean square (MS) F-value P > F
Model 140.9347 6 23.4891 283.7276 0.00000
Error 0.6623 8 0.08279
Total 141.5970 14
Df- degree of freedom; SS- sum of squares; F- factor F; P- probability.
R2=0.9896; R2 (adj):0.9799.
Table 6
Estimated regression coefficients for the lead biosorption onto Parthenium
stem powder.
Terms Regression
Coeffecient
Standard error of
coeffecient
t-value p-value
Meam/Interc -83.3350 4.836059 -17.2320 0.000000
(1) Dosage, w, g/L(L) 2.6395 0.090417 29.1925 0.000000
Dosage, w, g/L(Q) -0.0430 0.001497 -28.7334 0.000000
(2) Concentration, Co,
mg/L(L)
1.9270 0.240444 8.0143 0.000043
Concentration, Co,
mg/L(Q)
-0.0521 0.005990 -8.6985 0.000024
(3) pH (L) 44.3850 1.500836 29.5735 0.000000
pH (Q) -4.4525 0.149738 -29.7352 0.000000
terial recovered by crushing and grinding is filtered through B.S.S.
meshes. The mean particle sizes were maintained between 50 and
150 µm (Ince, 2014; Ince et al., 2017; Ince and Kaplan Ince, 2017). The
finished product were kept in glass bottles for further use. Morosanu
et.al. was investigated the Biosorption of lead ions from aqueous efflu-
ents by rapeseed biomass (86).
2.4. Adsorption studies
The results of the investigation into the adsorption of metals were
examined using a variety of factors, including temperature, pH of the
aqueous solution, agitation duration, adsorbent dose, and adsorbate
concentration is depicted in table 1. The adsorbate and adsorbent solu-
tion were taken in 250 ml conical flasks and it was shaken mechanically
at 180 rpm speed in a motorised shaker. Mesh paper was used to pour
and separate the adsorbate from the adsorbent. The ultimate residual
metal content was assessed by an atomic absorption spectrophotometer
post adsorption. The following equation was used to calculate the per-
centage of lead removed from an aqueous solution (1). The following
equation was used to determine the metal uptake (qe) at equilibrium
(2).
(1)
(2)
Where qe (mg/g) denotes the quantity of lead adsorbed per unit
weight of the adsorbent, C0 and Ce denote the initial and equilibrium
metal ion concentrations (mg/l), v denotes the volume of the aqueous
solution (ml), and w denotes the weight of the adsorbent (g).
2.4. Experimental plan
Three independent factors, such as pH (X1), Co (X2), and w (X3) are
chosen based on preliminary tests for the analysis of the optimal situa-
tion for the percent removal of Pb (II). Box Behnken design (BBD) under
RSM of STATISTICA 6.0 (Stat-Ease Inc., Tulsa, OK, USA) was used to
analyse the connection between the parameters and response. The BBD
design was used for this investigation because it is effective, adaptable,
and reliable. According to BBD, fifteen tests are carried out. The
amount of Pb (II) elimination was regarded as the experimental design's
response (Y). Samples collected after the intended optimal duration are
subjected to an AAS analysis. The STATISTICA programme (version
6.0), developed by Stat Ease Inc. in the USA, was used to do the regres-
sion analyses, visual analyses, and analyses of variance (ANOVA).
Through the use of Student's t-test and p-values, the statistical signifi-
cance of the coefficient was ascertained. The proportion of variance ob-
tained by the model was explained by the multiple coefficients of deter-
mination, R2.
3. Results and discussion
3.1. Effect of contact time
The results obtained by graphing the% removal of lead against agi-
tation time for various concentrations are illustrated in Fig. 2. Contact
time was changed from 0 to 200 min under neutral circumstances with
a constant amount of sorbent (10 g), initial concentration (20 mg/L),
and shaking speed (150 rpm). The maximum amount of adsorption was
attained at intervals of 50 min, and additional extensions of time did
not result in any appreciable increases (Jamil et al., 2010). The initial
absorption of metal ions was higher and there were more empty spaces
on the surface of the sorbent, so there was a constant rise in adsorption
capacity by extending the time frame from 0 to 50 min. However, be-
cause empty spaces have already been filled and equilibrium has been
reached, a further increase could not enough alter the adsorption of
metals.
3.2. Effect of aqueous lead solution pH
The initial pH of the adsorption system is crucial because it impacts
the surface morphology of the sorbent and the binding properties of sor-
bate. The chosen pH range was 2–10, and the starting sorbate concen-
tration was 20 mg/L with 10 g of sorbent. The outcome shown in Fig. 3
demonstrates that the adsorption capability is fairly poor in acidic envi-
ronments. A pH value of 5 is used to estimate the extreme% elimination
of lead for different initial concentrations. The quantity of sorbate that
is adsorbed onto the surface of the sorbent increases when the pH is
raised. Metals must compete with H+ ions for adsorption on sorbent
surfaces at low pH values because H+ ions are overexpressed at those
pH levels. However, when the pH level is elevated, it results in a large
increase in adsorption because of the attraction created between posi-
tively charged metal ions and negatively charged sorbent surfaces by -
OH groups. Therefore, it was determined that the ideal pH range for
lead is between 4 and 6, where it exhibits the optimal adsorption behav-
iour. The amount of heavy metal adsorption increases with more con-
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Table 7
Comparison between optimum values from BBD and experimentation.
Variable BBD Experimental
Biosorbent dosage, w, g/L 30.67403 30.00000
Initial Lead concentration, mg/L 18.49328 20.00000
pH of aqueous solution 4.98428 5.00000
% Biosorption 85.57892 85.440
tact. The breakeven point of lead removed in the current experiment is
72.74% at pH=5. Adsorption capability decreases as pH is raised more
as a result of the development of metal hydrides.
3.3. Initial lead concentration on percentage removal of lead metal
Another crucial factor that influences the adsorption phenomena is
the sorbate's initial concentration. To achieve this, the initial concentra-
tion of lead was changed between 20 and 160 mg/L while all other vari-
ables remained constant. The results of the initial lead concentration so-
lution are displayed in Fig. 4 as a percentage of the lead metal being re-
moved. With an increase in C0 from 20 mg/L to 160 mg/L, the percent-
age of lead biosorption is reduced from 73.38 percent (1.4676 mg/g) to
56.1175 percent (8.9788 mg/g). As there were empty spaces on the sur-
face of the sorbent, a lead adsorption on Parthenium stem powder was
first seen to have a quick rise in adsorption capacity. So the adsorption
of sorbate onto accessible sites increased along with the concentration.
These adsorption sites are easily occupied by the adsorbate, and the
concentration in this range is positively influenced by adsorption capac-
ity. The adsorption phenomenon is unaffected by a further rise in con-
centration from 60 to 120 ppm. Once equilibrium is attained, an in-
crease in concentration has no effect on the adsorption phenomenon be-
cause the surface of the adsorbent is saturated with sorbate. This is
brought on by the fact that there are fewer resident sites available when
concentrations of sorbate are quite high.
3.4. Effect of adsorbent dosage
The variations in the concentration of lead in aqueous solution with
adsorbent dosage are exposed in Fig. 5 and stated in Table 4. The ulti-
mate concentration of lead metal at room temperature drops as the
biosorbent dose rises, meaning that more lead metal is being removed
overall. The quantity of active sites accessible for lead biosorption
would grow with an increase in biosorbent dose. Therefore, 30 g/L
doses are used in all additional trials (Kosa et al., 2012).
3.5. Langmuir model
This is employed to determine the adsorption of the applied adsor-
bent. The Freundlich isotherm for the elimination of lead on parthe-
nium is the basis for the Langmuir model, as depicted in Fig. 6.
(3)
Here, qe represents the amount of metal adsorbed in the solid (bio-
mass), Ce represents the amount of metal remaining available in the so-
lution, b represents the ratio of adsorption to desorption rates, and
qmax represents the maximum amount of specific absorption corre-
sponding to site saturation. The Langmuir model equations have two
derivatives, which are (3) & (4).
(4)
(5)
The current data, displayed in Table 4, at 260 °C, demonstrates non-
linearity for the Langmuir isotherm shown in Table 2.
4. Kinetics of adsorption
4.1. Pseudo–second order kinetic model
Kinetic studies offer knowledge on the optimal conditions, the sorp-
tion mechanism, and potential rate-controlling steps in the batch ad-
sorption process. The following formula was used to determine the
quantity of lead adsorbed during different periods of time.
(6)
Where Qt stands for the quantity of lead adsorbed at any given time
t, and q0 and qe stand for the initial and equilibrium concentrations, re-
spectively. The quantity of sorbent in grammes is given by Wasorbent,
while the volume of lead solution collected is denoted by V(L). It is pos-
sible to experimentally ascertain the values of qt, q0, qe, Wsorbent, and
V. This led to the interpretation of the t/qt value for second-order kinet-
ics.
According to the pseudo-second-order adsorption kinetic model,
(7)
Where k2 is the rate constant of pseudo-second-order adsorption
(mg g - 1min-1) eqn (6) can be rearranged to obtain a more useful form
as
(8)
The linear form is
(9)
Fig. 1. Preparation of parthenium stem adsorbent.
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Fig. 2. Variation of final lead concentration with agitation time.
Fig. 3. Effect of pH on the percentage removal of lead on Parthenium stem powder.
where k2 is determined from a plot of t/qt vs. t. Fig. 7 depicts the
second order kinetics for the adsorption of lead by parthenium stem
powder. Since R2 is proximity to 1, the model can accurately predict
the removal of lead by Parthenium stem powder (Nadeem et al., 2006;
Nano and Strathmann, 2006; O'Connell et al., 2008; Orhan and
Kocaoba, 2007).
4.2. Thermodynamics of biosorption
Biosorption is temperature dependant which is associated with
three thermodynamic parameters namely change in enthalpy of
biosorption (∆H), change in entropy of biosorption (∆S), and change in
Gibbs free energy (∆G). Due to its relevance in real-world situations,
enthalpy is the most often utilised thermodynamic function. The ad-
sorption experiment was conducted under various temperature ranges
for thermodynamic investigations, and measured parameters included
enthalpy (H), entropy (S), and Gibbs free energy (G).
For this purpose,
(10)
(11)
(12)
have been used. Kc, the equilibrium constant, and R, the natural gas
constant, are calculated as
(13)
where qe is the metal concentration adsorbed in the solid (biomass),
and Ce is the residual metal concentration in the solution under equilib-
rium conditions, that can be calculated experimentally.
The Vant Hoff's equation states that
(14)
(15)
Where, the biosorption affinity is denoted by (qe/Ce).
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Fig. 4. Effect of initial concentration of lead on percentage Removal of lead metal.
Fig. 5. Effect of Dosage on the final concentration of lead by Parthenium stem powder.
The biosorption behaviour is investigated by experiments with tem-
perature ranges between 283 and 323 K. Fig. 8 depicts the charts
demonstrating the influence of temperature on lead biosorption for var-
ious initial metal concentrations (Rao et al., 2007).
The exothermic/endothermic and physical/chemical natures of
sorption will be indicated by a negative value for ∆H. It can be easily re-
versed by supplying the heat equal to the calculated ∆H (Pan et al.,
2010).
The ∆H is related to ∆G and ∆S as
(10)
Biosorption is not feasible when ∆S is less than 1, but it is possible
when ∆S > 1. The possibility of sorption is indicated by a ∆G value < 1
(Pan et al., 2009). A process is said to be extremely reversible if the
value of ∆S is smaller than zero. If ∆S is greater than or equal to zero, it
implies that the process is reversible. The spontaneity of biosorption is
shown by the negative value for ∆G. While the positive result suggests
that sorption is not spontaneous (Phuengprasop et al., 2011; Peng et al.,
2004; Pyrzyńska and Bystrzejewski, 2010; Qi and Aldrich, 2008). Addi-
tionally, equilibrium constants that changed with temperature were
used to estimate thermodynamic constants. The process was described
as being spontaneous by the negative value of ∆G°. The endothermic
character and irreversibility of biosorption were both demonstrated by
the positive values of ∆H and ∆S (Qu et al., 2013).
4.3. Optimization using Box-Behnken design
Various pH levels, ranging from 4 to 6, were used for the trials. Dif-
ferent bio sorbent dosages of 20–40 g/L and various lead concentra-
tions of 15–25 mg/L are connected to and altered simultaneously to
cover the combination of parameters in BBD. The values and ranges of
the independent factors that were chosen are listed in Table 3. The opti-
mization of the parameters is done using Table-4 (Rožić et al., 2000).
The regression equation for the optimization is as follows: percent
biosorption of lead (Y) is a function of pH (X1), initial lead concentra-
tion Co (X2), and biosorbent dose (X3). The following equation for lead
biosorption has been generated by multiple regression analysis of ex-
perimental data (Sarkar et al., 2011):
(16)
Table 5 provides the aforementioned regression model result for
Eqn. (9) in the form of an analysis of variance (ANOVA). The com-
parison between the% biosorption attained through trials and that
6
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Fig. 6. Freundlich isotherm for the removal of lead on Parthenium stem powder at 26 °C.
Fig. 7. Second order kinetics adsorption of lead by Parthenium stem powder.
anticipated may be seen by looking at the optimal set of conditions
for highest percentage biosorption of lead, which is pH = 4.98428,
biosorption dose (w) = 30.67403 g/L, and initial lead concentration
of Co=18.49328 mg/L determined at this optimum condition. The
experimental results and the projected results are quite consistent
(Sharma et al., 2009; Singh et al., 2010; Srivastava and Majumder,
2008; Şahin and Saka, 2013). The variability of the model in the ob-
served response values is measured by the correlation coefficient (R2)
(Turan and Ozgonenel, 2013). Stronger and better at predicting the
outcome is the R2 value up to 1. In the current investigation, the re-
gression coefficient's value (R2 = 0.9998) shows that the model does
not adequately explain 0.0002 percentage of the overall changes
(Unuabonah et al., 2008). The statistical significance of the ratio of
the mean square due to regression and the mean square owing to
residual error may be tested using the ANOVA Table 5. It is clear
from that table that the F-statistics value for the entire model is
higher (Verma et al., 2008). This significant result suggests that the
model equation can properly describe the percent elimination. P val-
ues below 0.05 typically suggest statistical insignificance for the
model at the 95 percent level of confidence. Table 5 displays the
model's predicted percentage of biosorption. Table 6 shows that all of
the squared terms and linear terms for all of the variables are signifi-
cant (P < 0.05). Previous researches the natural low-methoxyl pectin
extracted from sunflower heads with oxalic acid were investigated
based on the Box–Behnken design statistical modelling (91) insignifi-
cant (P ≥ 0.05)
The model is reduced to the following form by excluding undistin-
guished terms in eq. (9)
(17)
4.4. Interaction effects of biosorption variables
The percentage of lead biosorption using Parthenium Stem powder
for various combinations of dependant variables are displayed in a
three-dimensional image of response surface contour plots [Fig. 9(a) to
(c)] (Vieira et al., 2010). Each plot is defined as a function of two vari-
ables at a time, with the other variables being fixed at zero. The percent
of biosorption is at low and high levels of the variables, as shown by re-
sponse surface contour plots. The figures make the importance of each
variable's function in the percent biosorption of lead quite evident. The
optimal set of circumstances for maximal lead biosorption are (Witek-
7
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Fig. 8. Vant Hoff's plot for biosorption.
Fig. 9. Response surface plots for the effect of (a) initial solution pH and biomass dosage (g/l) on the lead removal (%). l (b) initial lead ion concentration (mg/l)
and biomass dosage (g/l); (c) initial solution pH and initial lead ion concentration (mg/l).
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Krowiak et al., 2011; Wu et al., 2011; Yang et al., 2007; Yuvaraja et al.,
2014; Zhao et al., 2011):
Table 7 compares the experimentally determined optimal values to
those that BBD anticipated. The experimental results and those from the
BBD are very similar.
5. Conclusions
The Parthenium stem powder can remove lead from aqueous solu-
tion, up to 72.74% for 20 mg/l at pH=5 and 26 °C. It has been observed
that the optimum circumstances for Parthenium stem powder are a pH
of 5, an equilibrium duration of 50 min, and a dose of 1.5 g/100 ml. An
increase in the dose of the adsorbent results in a greater proportion of
lead being removed from the aqueous solution. Although activated car-
bon has a prominent role in the treatment of wastewater, its usage is oc-
casionally constrained due to its expensive price. In order to substitute
the overpriced activated carbon, a variety of low-cost bio-adsorbents,
including Parthenium stem powder, were studied. According to ther-
modynamic statistics, the proportion of biosorption rises with a modest
rise in temperature. Additionally, the analysis shows that biosorption as
ΔH is endothermic, which is advantageous. The process is irreversible
as ΔS is positive and suggests that randomness at the solid/solution in-
terface increases with biosorption of lead (II) onto Parthenium steam
powder. The spontaneity of the biosorption as ΔG is negative. However,
it is crucial to dispose of the used adsorbents in a manner that is
favourable to the environment. This research opens up a new avenue
for the disposal and regeneration of the adsorbent. (Eqn (1)-8, 10–17,
Fig 1).
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